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METHOD TO-9A

Determination Of Polychlorinated, Polybrominated And
Brominated/Chlorinated Dibenzo-p-Dioxins
And Dibenzofurans In Ambient Air

1. Scope

1.1 This document describes a sampling and analysis method for the quantitative determination of
polyhalogenated dibenzo-p-dioxins and dibenzofurans (PHDDS/PHDFS) in ambient air, which include the
polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD</PCDFs), polybrominated dibenzo-p-dioxins and
dibenzofurans (PBDDS/PBDFs), and bromo/chloro dibenzo-p-dioxins and dibenzofurans (BCDDSBCDFs). The
method uses a high volume air sampler equipped with a quartz-fiber filter and polyurethane foam (PUF)
adsorbent for sampling 325 to 400 m® ambient air in a 24-hour sampling period. Analytical procedures based
on high resolution gas chromatography-high resolution mass spectrometry (HRGC-HRMS) are used for analysis
of the sample.

1.2 The sampling and analysis method was evaluated using mixtures of PHDDs and PHDFs, including the
2,3,7,8-substituted congeners (1,2). It has been used extensively in the U.S. Environmental Protection Agency
(EPA) ambient air monitoring studies (3,4) for determination of PCDDs and PCDFs.

1.3 Themethod provides accurate quantitative data for tetra- through octa-PCDDS/PCDFs (total concentrations
for each isomeric series).

1.4 Specificity isattained for quantitative determination of the seventeen 2,3,7,8-substituted PCDD<s/PCDFs and
specific 2,3,7,8-substituted PBDD/PBDF and BCDD/BCDF congeners.

1.5 Minimum detection limits (MDLS) in the range of 0.01 to 0.2 picograms/meter® (pg/m?®) can be achieved for
these compoundsin ambient air.

1.6 Concentrations as low as 0.2 pg/m? can be accurately quantified.

1.7 The method incorporates quality assurance/quality control (QA/QC) measures in sampling, analysis, and
evaluation of data.

1.8 Theandytica procedures also have been used for the quantitative determination of these types of compounds
in sample matrices such as stack gas emissions, fly ash, soil, sediments, water, and fish and human tissue (5-9).

1.9 Themethod is similar to methods used by other EPA, industry, commercial, and academic |aboratories for
determining PCDDs and PCDFs in various sample matrices (10-25). This method is an update of the original
EPA Compendium Method TO-9, originally published in 1989 (26).

1.10 The method does not separately quantify gaseous PHDDs and PHDFs and particul ate-associated PHDDs
and PHDFs because some of the compounds volatilize from the filter and are collected by the PUF adsorbent.
For example, most of the OCDD is collected by thefilter and most of the TCDDs are collected by the PUF during
sampling. PCDDYPCDFsmay be distributed between the gaseous and particle-adsorbed phasesin ambient air.
Therefore, the filter and PUF are combined for extraction in this method.
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1.11 The sampling and analysis method is very versatile and can be used to determine other brominated and
brominated/chlorinated dioxins and furansin the future when more analytical standards become available for use
in the method. A recent modification of the sample preparation procedure provides the capability required to
determine PCDDs, PCDFs, PCBs, and PAHs in the same sample (27).

2. Summary of Method

2.1 Quartz-fiber filters and glass adsorbent cartridges are pre-cleaned with appropriate solventsand dried in a
clean atmosphere. The PUF adsorbent plugs are subjected to 4-hour Soxhlet extraction using an oversized
extractor to prevent distortion of the PUF plug. The PUF plugs are then air dried in a clean atmosphere and
installed in the glass cartridges. A 50 microliter («L) aiquot of a 16 picogram/microliter (pg/xL) solution of
%Cl,-2,3,7,8-TCDD is spiked to the PUF in the laboratory prior to field deployment. (Different amounts and
additional **C,,-labeled standards such as **C,,-1,2,3,6,7,8-HXCDF may also be used if desired.) The cartridges
are then wrapped in aluminum foil to protect from light, capped with Teflon® end caps, placed in a cleaned
|abel ed shipping container, and tightly sealed with Teflon® tap until needed.

2.2 For sampling, the quartz-fiber filter and glass cartridge containing the PUF are installed in the high-volume
air sasmpler.

2.3 The high-volume sampler is then immediately put into operation, usually for 24 hours, to sample 325 to
400 m® ambient air.

[Note: Significant losses were not detected when duplicate samplers were operated 7 days and sampled 2660
m? ambient air (1-4).]

2.4 Theamount of ambient air sampled is recorded a the end of the sampling session. Sample recovery involves
placing thefilter on top of the PUF. The glass cartridge is then wrapped with the original aluminum fail, capped
with Teflon® end caps, placed back into the original shipping container, identified, and shipped to the analytical
laboratory for sample processing.

2.5 Sample preparation typically is performed on a"set" of 12 samples, which consists of 9 test samples, afield
blank, a method blank, and a matrix spike.

2.6 Thefilter and PUF are combined for sample preparation, spiked with 9 *3C,,-labeled PCDD/PCDF and 4
PBDD/PBDF internal standards (28), and Soxhlet extracted for 16 hours. The extract is subjected to an acid/base
clean-up procedure followed by clean-up on micro columns of silicagel, alumina, and carbon. The extract isthen
spiked with 0.5 ng *C,,-1,2,3,4-TCDD (to determine extraction efficiencies achieved for thé G -labeled
internal standards) and then concentrated to 10 L for HRGC-HRMS analysisin a1 mL conical reactivial.

2.7 Thesat of sample extractsis subjected to HRGC-HRM S selected ion monitoring (SIM) analysis using a 60-
m DB-5 or 60-m SP-2331 fused silica capillary column to determine the sampler efficiency, extraction efficiency,
and the concentrations or the MDLs achieved for the PHDDS/PHDFs (28). Defined identification criteriaand
QA/QC criteriaand requirements are used in evauating the analytical data. The analytical results along with the
volume of air sampled are used to calcul ate the concentrations of the respective tetra- through octa-isomers, the
concentrations of the 2,3,7,8-chlorine or -bromine substituted isomers, or the MDLs. The concentrations and/or
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MDLsarereported in pg/m®. The EPA toxicity equivalence factors (TEFs) can be used to calculate the 2,3,7,8-
TCDD toxicity equivalents (TEQS) concentrations, if desired (18).

3. Significance

3.1 The PHDDs and PHDFs may enter the environment by two routes. (1) manufacture, use and disposal of
specific chemical products and by-products and (2) the emissions from combustion and incineration processes.
Atmospheric transport is considered to be amajor route for widespread dispersal of these compounds in stack
gas emissions throughout the environment. The PCDDs/PCDFs are found as complex mixtures of all isomers
in emissons from combustion sources. The isomer profiles of PCDDS/PCDFs found in ambient air are similar
to those found in combustion sources. |somer profiles of PCDDs/PCDFs related to chemical products and by-
products are quite different in that only afew specific and characteristic isomers are detectable, which clearly
indicate they are not from a combustion source.

3.2 The 2,3,7,8-subgtituted PCDDS/PCDFs are considered to be the most toxic isomers. Fortunately, they
account for the smallest percentage of the total PCDD/PCDF concentrations found in stack gas emissions from
combustion sources and in ambient air. The 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD), 1 of 22 TCDD
isomers and the mogt toxic member of PCDDS/PCDFs, is usually found as a very minor component in stack gas
emissions (0.5 to 10 percent of total TCDD concentration) and is seldom found in ambient air samples. All of
the 2,3,7,8-substituted PCDDSPCDFs areretained in tissue of life-forms such as humans, fish, and wildlife, and
the non 2,3,7,8-substituted PCDDs/PCDFs are rapidly metabolized and/or excreted.

3.3 Attention has been focused on determining PHDDS/PHDFsin ambient air only in recent years. The analyses
are time-consuming, complex, difficult, and expensive. Extremely sensitive, specific, and efficient analytical
procedures are required because the analysis must be performed for very low concentrations in the pg/m® and sub
pg/m*range. The MDLs, likewise, must be in the range of 0.01 to 0.2 pg/m?® for the results to have significant
meaning for ambient air monitoring purposes. The background level of total PCDDs/PCDFs detected in ambient
arisusudly intherange of 0.5to 3 pg/m?, and the PBDFsisin the range of 0.1 to 0.2 pg/m? (2,3,14). Because
PCDDs/PCDFs, PBDDs/PBDFs, and BCDDSBCDFs can be formed by thermal reactions, there has been an
increasing interest in ambient air monitoring, especidly in the vicinities of combustion and incineration processes
such as municipal waste combustors and resource recovery facilities (19,20). PBDDYPBDFs can be created
thermally (22,23), and they may a so be formed in certain chemical processes (21). BCDDs/BCDFs have been
detected in ash from combustion/incineration processes (9). The sampling and analysis method described here
can be used in monitoring studies to accurately determine the presence or absence of pg/m? and sub pg/m? levels
of these compounds in ambient air (26,27).

4. Safety

4.1 The2,3,7,8-TCDD and other 2,3,7,8-chlorine or bromine substituted isomers are toxic and can pose health
hazards if handled improperly. Techniques for handling radioactive and infectious materials are applicable to
2,3,7,8-TCDD and the other PHDDs and PHDFs. Only highly trained individuals who are thoroughly versed in
appropriate |aboratory procedures and familiar with the hazards of 2,3,7,8-TCDD should handle these substances.
A good laboratory practice involves routine physical examinations and blood checks of employees working with
2,3,7,8-TCDD. It istheresponsihility of the laboratory personnel to ensure that safe handling procedures are
employed.
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4.2 Thetoxicity or carcinogenicity of the other penta-, hexa-, hepta-, and octa-PHDDs/PHDFs with chlorine or
bromine atomsin positions 2,3,7,8 are known to have similar, but lower, toxicities. However, each compound
should be treated as a potential health hazard and exposure to these compounds must be minimized.

4.3 Whilethe procedure specifies benzene as the extraction solution, many laboratories have substituted toluene
for benzene (28). This is due to the carcinogenic nature of benzene. The EPA is presently studying the
replacement of benzene with toluene.

4.4 A laboratory should develop agtrict safety program for working with these compounds, which would include
safety and health protocols; work performed in well ventilated and controlled access laboratory; maintenance of
current awareness file of OSHA regulations regarding the safe handling of chemicals specified in the method,;
protective equipment; safety training; isolated work area; waste handling and disposal procedures,
decontamination procedures; and laboratory wipetests. Other safety practices as described in EPA Method 613,
Section 4, July 1982 version, EPA Method 1613 Revison A, April 1990, Office of Water and €l sewhere (29,30).

5. Applicable Documents
5.1 ASTM Standards

» Method D1365 Definitions of Terms Relating to Atmospheric Sampling and Analysis.
» Method E260 Recommended Practice for General Gas Chromatography Procedures.
» Method E355 Practice for Gas Chromatography Terms and Relationships.

5.2 EPA Documents

 Quality Assurance Handbook for Air Pollution Measurement Systems, Volume |1, U. S. Environmental
Protection Agency, EPA 600/R-94-038b, May 1994.

e Protocol for the Analysis of 2,3,7,8-Tetrachlorodibenzo-p-Dioxin by High Resolution Gas
Chromatography-High Resolution Mass Spectrometry, U. S. Environmental Protection Agency,
EPA 600/40-86-004, January 1986.

e "Evaluation of an EPA High Volume Air Sampler for Polychlorinated Dibenzo-p-Dioxins and
Polychlorinated Dibenzofurans," undated report by Battelle under Contract No. 68-02-4127, Project Officers
Robert G. Lewis and Nancy K. Wilson, U. S. Environmental Protection Agency, Research Triangle Park,
North Carolina.

e Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air:
Method TO-9, Second Supplement, U. S. Environmental Protection Agency, EPA 600/4-89-018,
March 1989.

» Technical Assistance Document for Sampling and Analysis of Toxic Organic Compounds in Ambient
Air, U. S. Environmental Protection Agency, EPA 600/4-83-027, June 1983.

» "Analytical Procedures and Quality Assurance for Multimedia Analysis of Polychlorinated Dibenzo-p-
Dioxins and Dibenzofurans by High Resolution Gas Chromatography - Low Resolution Mass Spectrometry,”
U. S. Environmental Protection Agency/OSW, SW-846, RCRA 8280 HRGC-LRMS, January 1987.

» "Analytical Procedures and Quality Assurance for Multimedia Analysis of Polychlorinated Dibenzo-p-
Dioxins and Dibenzofurans by High Resolution Gas Chromatography - High Resolution Mass Spectrometry,”
U. S. Environmental Protection Agency/OSW, SW-846, RCRA 8290 HRGC-HRMS, June 1987.
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» Harless, R, "Analytical Procedures and Quality Assurance Plan for the Determination of PCDDs and
PCDFs Ambient Air near the Rutland, Vermont Municipal Incinerator,” Final Report, U. S. Environmental
Protection Agency, AREAL, RTP, NC, 1988.

« Feasibility of Environmental Monitoring and Exposure Assessment for a Municipal Waste Combustor:
Rutland, Vermont Pilot Study, U. S. Environmental Protection Agency, EPA 600/8-91/007, March 1991.
» "Method 23, Determination of Polychlorinated Dibenzo-p-Dioxins (PCDDs) and Dibenzofurans (PCDFs)
from Stationary Sources." Federal Register, Vol. 56, No. 30, February 13, 1991.

» Method 1613 Tetra- through Octa-Chlorinated Dioxins and Furans by Isotope Dilution HRGC-HRMS,
U. S. Environmental Protection Agency, Office of Solid Waste, Washington, DC, April 1990.

5.3 Other Documents

* "Operating Proceduresfor Model PS-1 Sampler," Graseby/General Metal Works, Inc., Village of Cleves,
OH 45002 (800-543-7412).

» "Chicago Air Quality: PCB Air Monitoring Plan, Phase 2," IEAP/APC/86-011, Illinois Environmental
Protection Agency, Division of Air Pollution Control, April 1986.

 "Operating Procedures for the Thermo Environmental Semi-volatile Sampler,” Thermo Environmental
Instruments, Inc. (formerly Wedding and Associates), 8 West Forge Parkway, Franklin, MA 02038 (508-520-
0430).

6. Definitions

[Note: Definitions used in this document and any user-prepared Standard Operating Procedures (SOPs)
should be consistent with those used in ASTM D1356. All abbreviations and symbols are defined within this
document at the point of first use.]

6.1 Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs)—compounds
that contain from 1 to 8 chlorine atoms, resulting in atotal of 75 PCDDs and 135 PCDFs. The structures are
showninFigure 1. The numbersof isomersat different chlorination levels are shown in Table 1. The seventeen
2,3,7,8-substituted PCDDS/PCDFs are shown in Table 2.

6.2 Polybrominated dibenzo-p-dioxins (PBDDs) and polybrominated dibenzofurans (PBDFs)—compounds
that have the same structure and contain from 1 to 8 bromine atoms, resulting in atotal of 75 PBDDs and 135
PBDFs. The gtructures and isomers are the same as those of the PCDD</PCDFs shown in Figure 1 and Tables 1
and 2.

6.3 Brominated/chlorinated dibenzo-p-dioxins (BCDDs) and brominated/chlorinated dibenzofurans
(BCDFs)—compounds with the same structures and may contain from 1 to 8 chlorine and bromine atoms,
resulting in 1550 BCDD congeners and 3050 BCDF congeners.

6.4 Polyhalogenated dibenzo-p-dioxins (PHDDs) and polyhalogenated dibenzofurans (PHDFs)—dibenzo-
p-dioxins and dibenzofurans substituted with 1 or more halogen atoms.

6.5 Isomer—compounds having the sample number and type of halogen atoms, but substituted in different
positions. For example, 2,3,7,8-TCDD and 1,2,3,4-TCDD areisomers. Additionally, there are 22 isomers that
congtitute the homologues of TCDDs.
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6.6 Isomeric group—agroup of dibenzo-p-dioxins or dibenzofurans having the same number of halogen atoms.
For example, the tetra-chlorinated dibenzo-p-dioxins.

6.7 Internal Standard—isanisotopicdly-labeled analog that is added to all samples, including method blanks
(process and field) and quality control samples, before extraction. They are used along with response factors to
measure the concentration of the analytes. Nine PCDD/PCDF and 4 PBDD/PBDF internal standards are used
in this method. There is one for each of the chlorinated dioxin and furan isomeric groups with a degree of
hal ogenation ranging from four to eight, with the exception of OCDF.

6.8 High-Resolution Calibration Solutions (see Table 3)—solutions in tridecane containing known amounts
of 17 selected PCDDs and PCDFs, 9 internal standards (**C,,-labeled PCDDS/PCDFs), 2 field standards, 4
surrogate standards, and 1 recovery standard. The set of 5 solutionsis used to determine the instrument response
of the unlabeled andytes relative to the *C,,-labded internal standards and of the **C,,-labeled internal standards
relativeto the surrogate, field and recovery standards. Different concentrations and other standards may be used,
if desired. Criteriafor acceptable calibration as outlined in Section 13.5 should be met in order to use the analyte
relative response factors.

6.9 Sample Fortification Solutions (see Table 4)—solutions (in isooctane) containing the *C,,-labeled internal
standards that are used to spike all samples, field blanks, and process blanks before extraction. Brominated
standards used only when desired.

6.10 Recovery Standard Solution (see Table 5)—Recovery Standard Solution (see Table 5)—an isooctane
solution containing the **C,,-1,2,3,4-TCDD (*C,,-2,3,7,8,9-HxDD optional) recovery standards that are added
to the extract before final concentration for HRGC-HRMS analysis to determine the recovery efficiencies
achieved for the *C,,-labeled internal standards.

6.11 Air Sampler Field Fortification Solution (see Table 6)—an isooctane solution containing the *’Cl,-
2,3,7,8-TCDD standard that is spiked to the PUF plugs prior to shipping them to the field for air sampling.

6.12 Surrogate Standard Solution (see Table 7)—an isooctane solution containing 4 *C,,-labeled standards
that may be spiked to the filter or PUF prior to air sampling, to the sample prior to extraction, or to the sample
extract before cleanup or before HRGC-HRMS analysis to determine sampler efficiency method efficiency or
for identification purposes (28). Other standards and different concentrations may be used, if desired.

6.13 Matrix Spike and Method Spike Solutions (see Table 8)—isooctane solutions of native (non-label ed)
PCDDs and PCDFs and PBDDs and PBDFs that are spiked to a clean PUF prior to extraction.

6.14 Sample Set—consists of nine test samples, field blank, method blank, and matrix spiked with native
PHDD</PHDFs. Sample preparation, HRGC-HRM S analysis, and evaluation of datais performed on asample
Set.

6.15 Lab Control Spike—standard that is prepared during sample preparation and that contains exactly the
same amounts of al of the labeled and unlabeled standards that were used in extraction and cleanup of the sample
set for HRGC-HRMS analysis.
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6.16 Field Blank—consists of a sample cartridge containing PUF and filter that is spiked with the filed
fortification solution, shipped to the field, installed on the sampler, and passively exposed at the sampling area
(the sampler is not operated). It is then sealed and returned to the laboratory for extraction, cleanup, and
HRGC-HRMS analysis. Itistreated in exactly the same manner asatest sample. A field blank is processed with
each sampling episode. The field blank represents the background contributions from passive exposure to
ambient air, PUF, quartz fiber filter, glassware, and solvents.

6.17 Laboratory Method Blank—represents the background contributions from glassware, extraction and
cleanup solvents. A Soxhlet extractor is spiked with a solution of **C,,-labeled internal standards, extracted,
cleaned up, and analyzed by HRGC-HRMS in exactly the same manner as the test samples.

6.18 Solvent Blank—an aiquot of solvent (the amount used in the method) that is spiked with the *C,,-labeled
interna standards and concentrated to 60 xL for HRGC-HRM S analysis. The analysis provides the background
contributions from the specific solvent.

6.19 GC Column Performance Evaluation Solution (see Table 9)—a solution containing a mixture of
selected PCDD/PCDF isomers, including the first and last chromatographic eluters for each isomeric group. Used
to demonstrate continued acceptable performance of the capillary column and to define the PCDD/PCDF
retention time windows. Also includes a mixture of tetradioxin isomers that € ute closest to 2,3,7,8-TCDD.

6.20 QA/QC Audit Samples—samples of PUF that contain known amounts of unlabeled PCDDS and PCDFs.
These samples are submitted as"blind" test samplesto the analytical laboratory. The analytical results can then
be used to determine and validate the laboratory's accuracy, precision and overal analytical capabilities for
determination of PCDDS/PCDFs.

6.21 Relative Response Factor—response of the mass spectrometer to a known amount of an analyte relative
to aknown amount of alabeled internal standard.

6.22 Method Blank Contamination—the method blank should be free of interferences that affect the
identification and quantification of PHDDs and PHDFs. A vdid method blank is an analysisin which al internal
standard signals are characterized by S/N ratio greater than 10:1 and the MDL s are adequate for the study. The
seat of samples must be extracted and analyzed again if avalid method blank cannot be achieved.

6.23 Sample Rerun—additional cleanup of the extract and reanalysis of the extract.
6.24 Extract Reanalysis—analysis by HRGC-HRMS of another aliquot of the final extract.

6.25 Mass Resolution Check—a standard method used to demonstrate a static HRMS resolving power of
10,000 or greater (10 percent valley definition).

6.26 Method Calibration Limits (MCLs)—for agiven sample size, afinal extract volume, and the lowest and
highest calibration solutions, the lower and upper MCLs delineate the region of quantitation for which the
HRGC-HRMS system was calibrated with standard solutions.

6.27 HRGC-HRMS Solvent Blank—a 1 or 2 nL aliquot of solvent that is analyzed for tetra- through octa
PCDDs and PCDFs following the analysis of a sample that contains high concentrations of these compounds.
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An acceptable solvent blank analysis (free of PHDDS/PHDFs) should be achieved before continuing with analysis
of the test samples.

6.28 Sampler Spike (SS)—a sampler that is spiked with known amounts of the air sampler field fortification
solution (see Table 6) and the matrix spike solutions (see Table 8) prior to operating the sampler for 24 hours
to sample 325-400 std m® ambient air. The results achieved for this sample can be used to determine the
efficiency, accuracy and overall capabilities of the sampling device and analytical method.

6.29 Collocated Samplers (CS)—two samplersingtalled close together at the same site that can be spiked with
known amounts of the air sampler field fortification solution (see Table 6) prior to operating the samplersfor 24
hours to sample 325-400 std m® ambient air. The analytical results for these two samples can be used to
determine and evaluate efficiency, accuracy, precision, and overal capabilities of the sampling device and
analytical method.

6.30 Congener—atermwhich refersto any one particular member of the same chemical family. Asan example,
there are 75 congeners of chlorinated dibenzo-p-dioxins. A specific congener is denoted by unique chemical
notations. For example, 2,4,8,9-tetrachlorodibenzofuran is referred to as 2,4,8,9-TCDF.

6.31 Homologue—aterm which refers to agroup of structurally related chemicals that have the same degree
of chlorination. For example, there are eight homologues of CDDs, monochlorinated through octochl orinated.
Notation for homologous classes is as follows:

Class Acronym
Dibenzo-p-dioxin D
Dibenzofuran F
No. of halogens Acronym Example
1 M
2 D 2,4-DCDD
3 Tr
4 T 1,4,7,8-TCDD
5 Pe
6 Hx
7 Hp
8 0]

1 through 8 CDDsand CDFs

7. Interferences And Contamination

7.1 Any compound having a similar mass and mass/charge (m/z) ratio eluting from the HRGC column within
+ 2 seconds of the PHDD/PHDF of interest is a potential interference. Also, any compound eluting from the
HRGC column in avery high concentration will decrease senditivity in the retention time frame. Some commonly
encountered interferences are compounds that are extracted along with the PCDDs and PCDFs or other
PHDDs/PHDFs, eg., polychlorinated biphenyls (PCBs), methoxybiphenyls, polychlorinated diphenylethers,
polychlorinated naphthalenes, DDE, DDT, etc. The cleanup procedures are designed to €liminate the majority
of these substances. The capillary column resolution and mass spectrometer resolving power are extremely
helpful in segregating any remaining interferences from PCDDs and PCDFs. The severity of an interference
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problem is usualy dependent on the concentrations and the mass spectrometer and chromatographic resolutions.
However, polychlorinated diphenylethers are extremely difficult to resolve from PCDFs because they elutein
retention time windows of PCDFs, and their fragment ion resulting from the loss of 2 chlorine atomsis identical
to that of the respective PCDF. For example, the molecular ions of hexachlorodiphenylethers must be monitored
to confirm their presence or absencein the analysisfor TCDFs. Thisrequirement also applies to the other PCDFs
and PBDFs.

7.2 Sincevery low levels of PCDDs and PCDFs must be determined, the elimination of interferencesis essential.
High purity reagents and solvents must be used, and all equipment must be scrupulously cleaned. All materials,
such as PUF, filter solvents, etc., used in the procedures are monitored and analyzed frequently to ensure the
absence of contamination. Cleanup procedures must be optimized and performed carefully to minimize the loss
of anadyte compounds during attemptsto increase their concentrations relative to other sample components. The
andytica results achieved for thefidd blank, method blank, and method spike in a"set" of samplesis extremely
important in evaluating and validating the analytical data achieved for the test samples.

8. Apparatus

[Note: This method was developed using the PS-1 semi-volatile sampler provided by General Metal Works,
Village of Cleves, OH as a guideline. EPA has experience in use of this equipment during various field
monitoring programs over the last several years. Other manufacturers' equipment should work as well.
However, modifications to these procedures may be necessary if another commercially available sampler is
selected.]

8.1 High-Volume Sampler (see Figure 2). Capable of pulling ambient air through the filter/adsorbent cartridge
at aflow rate of approximately 8 standard cubic feet per minute (scfm) (0.225 std m*\min) to obtain a total
sample volume of greater than 325 scm over a 24-hour period. Major manufacturers are:

- Tisch Environmental, Village of Cleves, OH
- Andersen Instruments Inc., 500 Technology Ct., Smyrna, GA
- Thermo Environmenta Instruments, Inc., 8 West Forge Parkway, Franklin, MA

8.2 High-Volume Sampler Calibrator. Capable of providing multipoint resistance for the high-volume
sampler. Major manufacturers are:

- Tisch Environmental, Village of Cleves, OH
- Andersen Instruments Inc., 500 Technology Ct., Smyrna, GA
- Thermo Environmenta Instruments, Inc., 8 West Forge Parkway, Franklin, MA

8.3 High Resolution Gas Chromatograph-High Resolution Mass Spectrometer-Data System
(HRGC-HRMS-DS)

8.3.1 The GC should be equipped for temperature programming and all of the required accessories, such as
gases and syringes, should be available. The GC injection port should be designed for capillary columns.
Splitless injection technique, on-column injections, or moving needle injectors may be used. It isimportant to
use the same technique and injection volume at all times.
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8.3.2 The HRGC-HRMS interface, if used, should be constructed of fused silicatubing or al glass or glass
lined stainless stedl and should be able to withstand temperatures up to 340°C. Theinterface should not degrade
the separation of PHDD/PHDF isomers achieved by the capillary column. Active sites or cold spots in the
interface can cause peak broadening and peak tailing. The capillary column should be fitted directly into the
HRM S ion source to avoid these types of problems. Graphite ferrules can adsorb PHDDs/PHDFs and cause
problems. Therefore, Vespel® or equivalent ferrules are recommended.

8.3.3 The HRMS system should be operated in the eectron impact ionization mode. The static resolving
power of theinstrument should be maintained at 10,000 or greater (10% valley definition). The HRMS should
be operated in the selected ion monitoring (SIM) mode with a total cycle time of one second or less. At a
minimum, theionslisted in Tables 10, 11, and 12 for each of the select ion monitoring (SIM) descriptors should
be monitored. It isimportant to use the same set of ions for both calibration and sample analysis.

8.3.4 Thedata system should providefor control of mass spectrometer, data acquisition, and data processing.
The data system should have the capability to control and switch to different sets of ions (descriptors/mass menus
shown in Tables 10, 11, and 12) at different times during the HRGC-HRMS SIM analysis. The SIM
traces/displays of ion signals being monitored can be displayed on the termina in real time and sorted for
processing. Quantifications are reported based on computer generated peak areas. The data system should be
ableto provide hard copies of individual ion chromatograms for selected SIM time intervals, and it should have
the capahiility to allow measurement of noise on the basdline. It should also have the capability to acquire mass-
spectral peak profiles and provide hard copies of the peak profilesto demonstrate the required mass resol ution.

8.3.5 HRGC columns, such asthe DB-5 (28) and SP-2331 fused silica capillary columns, and the operating
parameters known to produce acceptable results are shown in Tables 13 and 14. Other types of capillary columns
may also be used as long as the performance requirements can be successfully demonstrated.

9. Equipment And Materials
9.1 Materials for Sample Collection (see Figure 3a)

9.1.1 Quartz fiber filter. 102 millimeter bindless quartz microfiber filter, Whatman International Ltd,
QMA-4.

9.1.2 Polyurethane foam (PUF) plugs. 3-inch thick sheet stock polyurethane type (density 0.022 g/cm?).
The PUF should be of the polyether type used for furniture upholstery, pillows, and mattresses. The PUF
cylinders (plugs) should be slightly larger in diameter than the internal diameter of the cartridge. Sources of
equipment are Tisch Environmentd, Village of Cleves, OH; University Research Glassware, 116 S. Merritt Mill
Road, Chapd Hill, NC; Thermo Environmentd Instruments, Inc., 8 West Forge Parkway, Franklin, MA; Supelco,
Supelco Park, Bellefonte, PA; and SKC Inc., 334 Valey View Road, Eighty Four, PA (see Figure 3b).

9.1.3 Teflon® end caps. For sample cartridge. Sources of equipment are Tisch Environmental, Village of
Cleves, OH; and University Research Glassware, 116 S. Merritt Mill Road, Chapel Hill, NC (see Figure 3b).

9.1.4 Sample cartridge aluminum shipping containers. For sample cartridge shipping. Sources of
equipment are Tisch Environmentd, Village of Cleves, OH; and University Research Glassware, 116 S. Merritt
Mill Road, Chapel Hill, NC (see Figure 3b).

9.1.5 Glass sample cartridge. For sample collection. Sources of equipment are Tisch Environmental,
Village of Cleves, OH; Thermo Environmental |nstruments, Inc., 8 West Forge, Parkway, Franklin, MA; and
University Research Glassware, 116 S. Merritt Mill Road, Chapd Hill, NC (see Figure 3b).
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9.2 Laboratory Equipment

9.2.1 Laboratory hoods.

9.2.2 Drying oven.

9.2.3 Rotary evaporator. With temperature-controlled water bath.
9.2.4 Balances.

9.2.5 Nitrogen evaporation apparatus.

9.2.6 Pipettes. Disposal Pasteur, 150-mm long X 5-mmi.d.

9.2.7 Soxhlet apparatus. 500-mL.

9.2.8 Glass funnels.

9.2.9 Desiccator.

9.2.10 Solvent reservoir. 125-mL, Kontes, 12.35-cm diameter.
9.2.11 Stainless steel spoons and spatulas.

9.2.12 Glass wool. Extracted with methylene chloride, stored in clean jar.
9.2.13 Laboratory refrigerator.

9.2.14 Chromatographic columns.

9.2.15 Perfluorokerosenes.

9.3 Reagents and Other Materials

9.3.1 Sulfuric acid. Ultrapure, ACS grade, specific gravity 1.84, acid silica.

9.3.2 Sodium hydroxide. Potassium hydroxide, reagent grade, base silica.

9.3.3 Sodium sulfate.

9.3.4 Anhydrous, reagent grade.

9.3.5 Glass wool. Silanized, extracted with methylene chloride and hexane, and dried.

9.3.6 Diethyl ether. High purity, glass distilled.

9.3.7 Isooctane. Burdick and Jackson, glass-distilled.

9.3.8 Hexane. Burdick and Jackson, glass-distilled.

9.3.9 Toluene. Burdick and Jackson, glass-distilled, or equivalent.

9.3.10 Methylene chloride. Burdock and Jackson, chromatographic grade, glass distilled.

9.3.11 Acetone. Burdick and Jackson, high purity, glass distilled.

9.3.12 Tridecane. Aldrich, high purity, glass distilled.

9.3.13 Isooctane. Burdick and Jackson, high purity, glass distilled.

9.3.14 Alumina. Acid, pre-extracted (16-21 hours) and activated.

9.3.15 Silica gel. High purity grade, type 60, 70-230 mesh; extracted in a Soxhlet apparatus with methylene
chloride (see Section 8.18) for 16-24 hours (minimum of 3 cycles per hour) and activated by heating in afail-
covered glass container for 8 hoursat 130°C.

9.3.16 18 percent Carbopack C/Celite 545.

9.3.17 Methanol. Burdick and Jackson, high purity, glass distilled.

9.3.18 Nonane. Aldrich, high purity, glass distilled.

9.3.19 Benzene. High purity, glass distilled.

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 9A-11



Method TO-9A Dioxins and Furans

9.4 Calibration Solutions and Solutions of Standards Used in the Method

9.4.1 HRGC-HRMS Calibration Solutions (see Table 3). Solutions containing *C,,-labeled and
unlabeled PCDDs and PCDFs at known concentrations are used to calibrate the instrument. These standards can
be obtained from various commercial sources such as Cambridge Isotope Laboratories, 50 Frontage Road,
Andover, MA 01810, 508-749-8000.

9.4.2 Sample Fortification Solutions (see Table 4). Anisooctane solution (or nonane solution) containing
the °C,,-labeled PCDD/PCDF and PBDD/PBDF internal standards at the listed concentrations. The internal
standards are spiked to al samples prior to extraction and are used to measure the concentration of the unlabeled
native analytes and to determine MDLs.

9.4.3 Recovery Standard Spiking Solution (see Table 5). An isooctane solution containing *C,,-1,2,3,4-
TCDD at aconcentration of 10 pg/uL. Additional recovery standards may be used if desired.

9.4.4 Sampler Field Fortification Solution (see Table 6). An isooctane solution containing 10 pg/uL
¥Cl,-2,3,7,8-TCDD.

9.4.5 Surrogate Standards Solution (see Table 7). Anisooctane solution containing the four **C,,-labeled
standards at a concentration of 100 pg/uL.

9.4.6 Matrix/Method Spike Solution (see Table 8). An isooctane solution containing the unlabeled
PCDD</PCDFs and PBDD</PBDFs at the concentrations listed.

[Note: All PHDD/PHDF solutions listed above should be stored in a refrigerator at less than or equal to 4°C
in the dark. Exposure of the solutions to light should be minimized.]

9.4.7 Column Performance Evaluation Solutions (see Table 9). Isooctane solutions of first and last
chromatographic eluting isomers for each isomeric group of tetra- through octa-CDDs/CDFs. Also includesa
mixture of tetradioxin isomers that elute closest to 2,3,7,8-TCDD.

10. Preparation Of PUF Sampling Cartridge
10.1 Summary of Method

10.1.1 Thispart of the procedure discusses pertinent information regarding the preparation and cleaning of
the filter, adsorbents, and filter/adsorbent cartridge assembly. The separate batches of filters and adsorbents are
extracted with the appropriate solvent.

10.1.2 At least one PUF cartridge assembly and one filter from each batch, or 10 percent of the batch,
whichever is greater, should be tested and certified before the batch is considered for field use.

10.1.3 Prior to sampling, the cartridges are spiked with surrogate compounds.

10.2 Preparation of Sampling Cartridge

10.2.1 Bakethe quartz filters at 400°C for 5 hours before use.

10.2.2 Sat asdethefiltersin aclean container for shipment to the field or prior to combining with the PUF
glass cartridge assembly for certification prior to field deployment.

10.2.3 The PUF plugs are 6.0-cm diameter cylindrical plugs cut from 3-inch sheet stock and should fit, with
dight compression, in the glass cartridge, supported by the wire screen (see Figure 2). During cutting, rotate the
dieat high speed (e.g., in adrill press) and continuously lubricate with deionized or distilled water. Pre-cleaned
PUF plugs can be obtained from commercial sources (see Section 9.1.2).
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10.2.4 Forinitid cleanup, place the PUF plugs in a Soxhlet apparatus and extract with acetone for 16 hours
at approximately 4 cycles per hour. When cartridges are reused, use diethyl ether/hexane (5 to 10 percent
volume/volume [v/v]) as the cleanup solvent.

[Note: A modified PUF cleanup procedure can be used to remove unknown interference components of the
PUF blank. This method consists of rinsing 50 times with toluene, acetone, and diethyl ether/hexane (5 to
10 percent v/v), followed by Soxhlet extraction. The extracted PUF is placed in a vacuum oven connected to
a water aspirator and dried at room temperature for approximately 2 to 4 hours (until no solvent odor is
detected). The extract from the Soxhlet extraction procedure from each batch may be analyzed to determine
initial cleanliness prior to certification.]

10.2.5 Fit anickel or stainless steel screen (mesh size 200/200) to the bottom of a hexane-rinsed glass
sampling cartridge to retain the PUF adsorbents, asillustrated in Figure 2. Place the Soxhlet-extracted, vacuum-
dried PUF (2.5-cm thick by 6.5-cm diameter) on top of the screen in the glass sampling cartridge using polyester
gloves.

10.2.6 Wrap the sampling cartridge with hexane-rinsed aluminum fail, cap with the Teflon® end caps, place
in acleaned labeled auminum shipping container, and sedl with Teflon® tape. Analyze at least 1 PUF plug from
each batch of PUF plugs using the procedures described in Section 10.3, before the batch is considered acceptable
for fiedd use. A levd of 2to 20 pg for tetra,pentar, and hexa- and 40 to 150 pg for hepta- and octa-CDDs similar
to that occasionally detected in the method blank (background contamination) is considered to be acceptable.
Background levels can be reduced further, if necessary. Cartridges are considered clean for up to 30 days from
date of certification when stored in their sealed containers.

10.3 Procedure for Certification of PUF Cartridge Assembly

10.3.1 Extract 1 filter and PUF adsorbent cartridge by Soxhlet extraction and concentrate using a Kuderna-
Danish (K-D) evaporator for each lot of filters and cartridges sent to the field.

10.3.2 Assemblethe Soxhlet apparatus. Charge the Soxhlet apparatus with 300 mL of the extraction solvent
(10 percent v/v diethyl ether/hexane) and reflux for 2 hours. Let the apparatus cool, disassembleit, and discard
the used extraction solvent. Transfer the filter and PUF glass cartridge to the Soxhlet apparatus (the use of an
extraction thimble is optional).

[Note: The filter and adsorbent assembly are tested together in order to reach detection limits, to minimize
cost and to prevent misinterpretation of the data. Separate analyses of the filter and PUF would not yield
useful information about the physical state of most of the PHDDs and PHDFs at the time of sampling due to
evaporative losses from the filter during sampling.]

10.3.3 Add 300 mL of diethyl ether/hexane (10 percent v/v) to the Soxhlet apparatus. Reflux the sample
for 18 hours at arate of at least 3 cycles per hour. Allow to cool; then disassemble the apparatus.

10.3.4 AssembleaK-D concentrator by attaching a10-mL concentrator tube to a 500-mL evaporative flask.

10.3.5 Transfer the extract by pouring it through a drying column containing about 10 cm of anhydrous
granular sodium sulfate and collect the extract in the K-D concentrator. Rinse the Erlenmeyer flask and column
with 20 to 30 mL of 10 percent diethylether/hexane to complete the quantitative transfer.

10.3.6 Add 1 or 2 clean boiling chips and attach a 3-ball Snyder column to the evaporative flask. Pre-wet
the Snyder column by adding about 1 mL of the extraction solvent to the top of the column. Place the K-D
apparatus on a hot water bath (50°C) o that the concentrator tube is partially immersed in the hot water, and the
entire lower rounded surface of the flask is bathed with hot vapor. Adjust the vertical position of the apparatus

January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 9A-13



Method TO-9A Dioxins and Furans

and the water temperature as required to complete the concentration in one hour. At the proper rate of distillation,
the balls of the column will actively chatter but the chambers will not flood with condensed solvent. When the
apparent volume of liquid reaches approximately 5 mL, remove the K-D apparatus from the water bath and allow
ittodrain and cool for at least 5 minutes. Remove the Snyder column and rinse the flask and its lower joint into
the concentrator tube with 5 mL of hexane. A 5-mL syringe is recommended for this operation.

10.3.7 Concentrate the extract to 1 mL, cleanup the extract (see Section 12.2.2), and analyze the final extract
using HRGC-HRMS.

10.3.8 Thelevel of target compounds must be less than or equal to 2 to 20 pg for tetra-, penta-, and hexa-
and 40 to 150 pg for hepta- and octa-CDDsfor each pair of filter and adsorbent assembly analyzed is considered
to be acceptable.

10.4 Deployment of Cartridges for Field Sampling

10.4.1 Prior to field deployment, add surrogate compounds (i.e., chemically inert compounds not expected
to occur in an environmenta sample) to the center bed of the PUF cartridge, using amicrosyringe. The surrogate
compounds (see Table 3) must be added to each cartridge assembly.

10.4.2 Use the recoveries of the surrogate compounds to monitor for unusual matrix effects and gross
sampling processing errors. Evaluate surrogate recovery for acceptance by determining whether the measured
concentration falls within the acceptance limits.

11. Assembly, Calibration And Collection Using Sampling System

[Note: This method was developed using the PS-1 semi-volatile sampler provided by General Metal Works,
Village of Cleves, OH as a guideline. EPA has experience in use of this equipment during various field
monitoring programs over the last several years. Other manufacturers' equipment should work as well.
However, modifications to these procedures may be necessary if another commercially available sampler is
selected.]

11.1 Description of Sampling Apparatus

The entire sampling system is diagrammed in Figure 1. This apparatus was developed to operate at arate of 4
to 10 scfm (0.114 to 0.285 std m¥min) and is used by EPA for high-volume sampling of ambient air. The
method write-up presents the use of this device.

The sampling module (see Figure 2) consists of afilter and aglass sampling cartridge containing the PUF utilized
to concentrate dioxing/furans from the air. A field portable unit has been developed by EPA (see Figure 4).

11.2 Calibration of Sampling System

Each sampler should be calibrated (1) when new, (2) after major repairs or maintenance, (3) whenever any audit
point deviates from the cdibration curve by more than 7 percent, (4) before/after each sampling event, and
(5) when adifferent sample collection media, other than that which the sampler was originally calibrated to, will
be used for sampling.

11.2.1 Calibration of Orifice Transfer Standard. Calibrate the modified high volume air sampler in the
fiddusing acdibrated orifice flow rate transfer standard. Certify the orifice transfer standard in the laboratory
againg a positive displacement rootsmeter (see Figure 5). Once certified, the recertification is performed rather
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infrequently if the orifice is protected from damage. Recertify the orifice transfer standard performed once per
year utilizing a set of five multiple resistance plates.

[Note: The set of five multihole resistance plates are used to change the flow through the orifice so that
several points can be obtained for the orifice calibration curve. The following procedure outlines the steps
to calibrate the orifice transfer standard in the laboratory.]

11.2.1.1 Record the room temperature (T, in °C) and barometric pressure (P, in mm Hg) on the Orifice
Cdlibration Data Sheet (see Figure 6). Calculate the room temperature in K (absol ute temperature) and record
on Orifice Calibration Data Sheet.

T,inK =273°+T,in°C

11.2.1.2 Set up laboratory orifice calibration equipment asillustrated in Figure 5. Check the oil level of
the rootsmeter prior to starting. There are 3 il level indicators, 1 at the clear plastic end and 2 site glasses, 1 at
each end of the measuring chamber.

11.2.1.3 Check for leaks by clamping both manometer lines, blocking the orifice with cellophane tape,
turning on the high volume motor, and noting any change in the rootsmeter'sreading. |f the rootsmeter's reading
changes, thereisaleak inthe system. Eliminate the leak before proceeding. If the rootsmeter's reading remains
constant, turn off the hi-vol motor, remove the cellophane tape, and unclamp both manometer lines.

11.2.1.4 Install the 5-hole resistance plate between the orifice and the filter adapter.

11.2.1.5 Turn manometer tubing connectors 1 turn counter-clockwise. Make sure all connectors are open.

11.2.1.6 Adjust both manometer midpoints by diding their movable scales until the zero point corresponds
with the meniscus. Gently shake or tap to remove any air bubbles and/or liquid remaining on tubing connectors.
(If additional liquid is required for the water manometer, remove tubing connector and add clean water.)

11.2.1.7 Turn on the high volume motor and let it run for 5 minutes to set the motor brushes. Turnthe
motor off. Insure manometers are set to zero. Turn the high volume motor on.

11.2.1.8 Record thetime, in minutes, required to pass aknown volume of air (approximately 200 to 300 ft*
of air for each resistance plate) through the rootsmeter by using the rootsmeter's digital volume dial and a
stopwatch.

11.2.1.9 Record both manometer readings-orifice water manometer (aH) and rootsmeter mercury
manometer (aP) on Orifice Calibration Data Sheet (see Figure 6).

[Note: aH is the sum of the difference from zero (0) of the two column heights.]

11.2.1.10 Turn off the high volume motor.

11.2.1.11 Replace the 5-hole resistance plate with the 7-hole resistance plate.

11.2.1.12 Repeat Sections 11.2.1.3 through 11.2.1.11.

11.2.1.13 Repeat for each resistance plate. Note results on Orifice Calibration Data Sheet (see Figure 6).
Only aminute is needed for warm-up of the motor. Be sure to tighten the orifice enough to eliminate any leaks.
Also check the gaskets for cracks.

[Note: The placement of the orifice prior to the rootsmeter causes the pressure at the inlet of the rootsmeter
to be reduced below atmospheric conditions, thus causing the measured volume to be incorrect. The volume
measured by the rootsmeter must be corrected.]
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11.2.1.14 Correct the measured volumes on the Orifice Calibration Data Sheet:

P - 4P T

Vaa = Vin (C5—)5)

std a

V¢, = standard volume, std m®
V., = actuad volume measured by the rootsmeter, m?
= barometric pressure during calibration, mm Hg
AP=differentia pressure at inlet to volume meter, mm Hg
Py = 760 mm Hg
.= ambient temperature during calibration, K.

11.2.1.15 Record standard volume on Orifice Calibration Data Sheet.
11.2.1.16 The standard flow rate as measured by the rootsmeter can now be cal culated using the following
formula

where:
Qqq = standard volumetric flow rate, std m*/min
0 = elapsed time, min

11.2.1.17 Record the standard flow rates to the nearest 0.01 std m#/min.
11.2.1.18 Calculate and record \/ aH (P,/P,)(298/T,) valuefor each standard flow rate.

11.2.1.19Plot each \/ aH (P/P,,)(298/T ) value (y-axis) versusits associated standard flow rate (x-
axis) on arithmetic graph paper and draw aline of best fit between the individual plotted points.

[Note: This graph will be used in the field to determine standard flow rate.]

11.2.2 Calibration of the High Volume Sampling System Utilizing Calibrated Orifice Transfer
Standard

For this calibration procedure, the following conditions are assumed in the field:

» Thesampler is equipped with an valve to control sample flow rate.

» The sample flow rate is determined by measuring the orifice pressure differential, using a magnehelic
gauge.

» Thesampler isdesigned to operate at a standardized volumetric flow rate of 8 ft*/min (0.225 m*/min), with
an acceptable flow rate range within 10 percent of thisvalue.

» Thetransfer standard for the flow rate calibration is an orifice device. The flow rate through the orifice
is determined by the pressure drop caused by the orifice and is measured using a "U" tube water
manometer or equivalent.

» Thesampler and the orifice transfer standard are calibrated to standard volumetric flow rate units (scfm
or scmm).
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» Anorificetransfer standard with calibration traceable to NIST is used.
e A "U" tube water manometer or equivalent, with a 0- to 16-inch range and a maximum scale division of
0.1 inch, will be used to measure the pressure in the orifice transfer standard.
» A magnehdic gauge or equivalent, with a 9- to 100-inch range and a minimum scale division of 2 inches
for measurements of the differential pressure across the sampler's orifice is used.
» A themometer capable of measuring temperature over the range of 32° to 122°F (0° to 50°C) to +2°F
(x1°C) and referenced annually to a calibrated mercury thermometer is used.
» A portable aneroid barometer (or equivalent) capable of measuring ambient barometric pressure between
500 and 800 mm Hg (19.5 and 31.5in. Hg) to the nearest mm Hg and referenced annually to a barometer
of known accuracy is used.
» Miscellaneous handtools, calibration data sheets or station log book, and wide duct tape are available.
11.2.2.1 Monitor the airflow through the sampling system with a venturi/Magnehelic assembly, as
illustrated in Figure 7. Set up the calibration system asillustrated in Figure 7. Audit the field sampling system
once per quarter using aflow rate transfer standard, as described in the EPA High Volume-Sampling Method,
40 CVR 50, Appendix B. Perform a single-point calibration before and after each sample collection, using the
procedures described in Section 11.2.3.

11.2.2.2Prior to initial multi-point calibration, place an empty glass cartridge in the sampling head and
activate the sampling motor. Fully open the flow control valve and adjust the voltage variator so that a sample
flow rate corresponding to 110 percent of the desired flow rate (typically 0.20 to 0.28 m*/min) isindicated on the
Magnehedlic gauge (based on the previoudy obtained multipoint calibration curve). Allow the motor to warm up
for 10 minutes and then adjust the flow control valve to achieve the desire flow rate. Turn off the sampler.
Record the ambient temperature and barometric pressure on the Field Calibration Data Sheet (see Figure 8).

11.2.2.3 Place the orifice transfer standard on the sampling head and attach a manometer to the tap on
thetransfer standard, asillustrated in Figure 7. Properly aign the retaining rings with the filter holder and secure
by tightening the three screw clamps. Connect the orifice transfer standard by way of the pressure tap to a
manometer using alength of tubing. Set the zero leved of the manometer or magnehelic. Attach the magnehelic
gauge to the sampler venturi quick release connections. Adjust the zero (if needed) using the zero adjust screw
on face of the gauge.

11.2.2.4Toleak test, block the orifice with arubber stopper, wide duct tape, or other suitable means. Sedl
the pressure port with arubber cap or similar device. Turn on the sampler.
Caution: Avoid running the sampler from too long a time with the orifice blocked. This precaution will
reduce the chance that the motor will be overheated due to the lack of cooling air. Such overheating can
shorten the life of the motor.

11.2.2.5 Gently rock the orifice transfer standard and listen for awhistling sound that would indicate a
leak inthe system. A leak-free system will not produce an upscale response on the sampler's magnehdlic. Leaks
are usualy caused either by damaged or missing gaskets by cross-threading and/or not screwing sample cartridge
together tightly. All leaks must be diminated before proceeding with the calibration. When the sample is
determined to be leak-free, turn off the sampler and unblock the orifice. Now remove the rubber stopper or plug
from the calibrator orifice.

11.2.2.6 Turnthe flow control valve to the fully open position and turn the sampler on. Adjust the flow
control valve until a Magnehelic reading of approximately 70 in. is obtained. Allow the Magnehelic and
manometer readings to stabilize and record these values on the Field Calibration Data Sheet (see Figure 8).

11.2.2.7 Record the manometer reading under Y 1 and the Magnehdlic reading under Y 2 on the Field
Cadlibration Data Sheet. For thefirst reading, the Magnehdlic should still be at 70 inches as set above.

11.2.2.8 Set the magnehdlic to 60 inches by using the sampler'sflow control valve. Record the manometer
(Y1) and Magnehelic (Y 2) readings on the Field Calibration Data Sheet.

11.2.2.9 Repeat the above steps using Magnehelic settings of 50, 40, 30, 20, and 10 inches.
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11.2.2.10 Turn the voltage variator to maximum power, open the flow control valve, and confirm that the
Magnehelic reads at least 100 inches. Turn off the sampler and confirm that the magnehelic reads zero.
11.2.2.11 Read and record the following parameters on the Field Calibration Data Sheet. Record the
following on the calibration data sheet:
Data, job number, and operator's signature;
e Sampler serial number;
* Ambient barometric pressure; and
* Ambient temperature.
11.2.2.12 Remove the"dummy" cartridge and replace with a sample cartridge.
11.2.2.13 Obtain the Manufacturer High VVolume Orifice Calibration Certificate.
11.2.2.141f not performed by the manufacturer, calcul ate values for each calibrator orifice static pressure
(Column 6, inches of water) on the manufacturer's calibration certificate using the following equation:

[/~R(P760)(2981T, + 273])

where:
P,= the barometric pressure (mm Hg) at time of manufacturer calibration, mm Hg
T,= temperature at time of calibration, °C

11.2.2.15 Perform alinear regression analysis using the values in Column 7 of the manufacturer High
Volume Orifice Cdlibration Certificate for flow rate (Qsrp) asthe " X" values and the calculated values asthe Y
vaues. From thisrelationship, determine the correlation (CC1), intercept (B1), and slope (M1) for the Orifice
Transfer Standard.

11.2.2.16 Record these values on the Field Calibration Data Sheet (see Figure 8).

11.2.2.17 Using the Field Calibration Data Sheet values (see Figure 8), calculate the Orifice Manometer
Calculated Vaues (Y 3) for each orifice manometer reading using the following equation:

Y3 Calculation
Y3=[Y1(P/760)(298/{ T, + 273})]*

11.2.2.18 Record the values obtained in Column Y 3 on the Field Calibration Data Sheet (see Figure 8).
11.2.2.19 Cdculate the Sampler Magnehelic Calculate Vaues (Y 4) using the following equation:

Y4 Calculation
Y4 =[Y2(P/760)(298/{ T, + 273})]*
11.2.2.20 Record the value abtained in Column Y 4 on the Field Calibration Data Sheet (see Figure 8).
11.2.2.21 Cdculate the Orifice Flow Rate (X1) in scm, using the following equation:

X1 Calculation
Y3 - Bl
M1

X1 =
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11.2.2.22 Record the values obtained in Column X1, on the Field Calibration Data Sheet (see Figure 8).

11.2.2.23 Paformalinear regression of the valuesin Column X1 (as X) and the valuesin Column Y4 (as
Y). Record therdationship for correlation (CC2), intercept (B2), and slope (M2) on the Field Calibration Data
Shest.

11.2.2.24 Using the following equation, calculate asat point (SP) for the manometer to represent adesired
flow rate:

Set point (SP) = [(Expected P,)/(Expected T,)(T4/Pss)][M2 (Desired flow rate) + B2)?
where:

P, = Expected atmospheric pressure (P,), mm Hg
T,= Expected atmospheric temperature (T,), °C
M2 = Slope of developed relationship
B2 = Intercept of developed relationship
T4q = Temperature standard, 25°C
P,s = Pressure standard, 760 mm Hg

11.2.2.25 During monitoring, calculate a flow rate from the observed Magnehdlic reading using the
following equations:

Y5 = [Average Magnehelic Reading (aH) (P/T)(T4y/Ps)]™

Y5 - B2
M2

X2 =

where:

Y5 = Corrected Magnehelic reading
X2 = Instant calculated flow rate, scm

11.2.2.26 Therelationship in calibration 